Within recent years, solvent extraction and coprecipitation have been increasingly replaced by sorbent (solid phase) extraction and ion exchange. The markedly lower quantity of reagents required is frequently quoted as an advantage, although this is strongly method-dependent. A further advantage is that the solid phase is packed into a column and can thus be used repeatedly. In another technique called batch procedure, the solid phase collector is placed directly into the solution matrix.
Within recent years, solvent extraction and coprecipitation have been increasingly replaced by sorbent (solid phase) extraction and ion exchange. The markedly lower quantity of reagents required is frequently quoted as an advantage, although this is strongly method-dependent. A further advantage is that the solid phase is packed into a column and can thus be used repeatedly. In another technique called batch procedure, the solid phase collector is placed directly into the solution matrix.
The formed matrix can subsequently be eluted with the minimum volume of solvent. In this way, it is possible to achieve high enrichment or concentration factors with good separation from the matrix, especially for natural water samples. [1] [2] [3] The problem of good sorption and poor (slow) desorption of the analyte has been treated in a number of papers and widely varying solutions have been proposed. 4, 5 Various methods of preconcentration and separation procedures, such as electrodeposition, coprecipitation, solvent extraction, evaporation and freeze drying can be used prior to the atomic absorption spectroscopic measurements. [6] [7] [8] [9] [10] [11] [12] Cellulose-hyphan (1-(2′-hydroxyphenylazo)-2-naphthol) as an ion-exchanger was used for the preconcentration of various trace heavy metal ions in different water samples. [13] [14] [15] [16] [17] [18] Other types of ion and modified exchangers were reported. 19, 20 Polymer supported organic compounds are playing an important role in many applications.
Some of these organic compounds, specially those serving as chelating agents can be used as polymer-supported materials in waste water treatment as well as selective sensing and separation of some heavy metal ions.
Pyridylazo-β-naphthol (PAN) is known as a famous compound that has a strong ability to form chelates with many metal ions. [20] [21] [22] [23] [24] [25] [26] [27] The excellent performance of the atomic absorption spectrometry, AAS as a precise and rapid analytical tool, allows the fast acquisition of data on samples introduced into a flame. One of the attractive characters of the AAS technique is its ease of operation. 1, 28 The present work aims to throw light on the use of chemically modified chloromethylated polystyrene-PAN ion-exchanger as a new system for the preconcentration and separation of eleven different heavy metal ions.
After preconcentration, the investigated metal ions were microdetermined in tap, Nile, sea and waste water samples, human urine, milk and some ores using AAS. Our aim is also to make some comparisons between the concentration of the present heavy metal ions in the environmental of east delta area of river Nile with that of the international level to look for any type of pollution and the reasons for such pollution, if present, in order to prevent the killing of water creatures.
manual. 1,28

Preparation of chloromethylated polystyrene-PAN (ionexchanger)
Commercial chloromethyl polystyrene-CO-DVB (A) (MP-500A; Bayer Co., Germany); 2% DVB; specific surface area (BET) is 66 m 2 /g and 46 meq.Cl/g resin) was used. Pyridylazo-β-naphthol (PAN), cetyltrimethylammonium bromide (CTAB) and the salts of the metal ions (Aldrich) were used. The reaction was followed up in all experiments with the aid of FT-IR spectroscopic analysis on a Perkin-Elmer 1430 (USA) spectrophotometer.
Reaction of (A) with PAN under PTC-conditions
In a 50 ml round-bottomed flask, 200 mg (0.92 meq.Cl) chloromethylated polystyrene (A) was soaked three days in 20 ml of chloroform as swelling medium. To the swollen polymer, 650 mg (2 -5 mmol) pyridylazo-β-naphthol (PAN), 70 mg (0.2 mmol) CTAB, and 15 ml of 30% aqueous solution of sodium carbonate were added. The reaction mixture was refluxed on a water bath and stirred magnetically for 96 h. After cooling, the modified polymeric product was filtered off, washed thoroughly with acetic acid, methanol, distilled water, acetone and finally with diethyl ether. The polymeric product (B) was dried at 40˚C overnight and then characterized by means of FT-IR spectroscopic, thermal and potentiometric measurements. The suggested structure of the prepared ion-exchanges is shown in (I).
Infrared spectra
The i.r. spectra of ion-exchanger and its chelates are measured using a Mattson 5000 FT-IR spectrophotometer (England).
Thermal analysis
The thermal studies were carried out using a DTA-50, TGA-50, Shimadzu Thermogravimetric Analyzer (Japan), with a heating rate of 10˚C/min using a platinum crucible fitted with a Pt-Pt, Rh (10%) thermocouple. The weight of samples varied from 2 -3.2 mg.
Adjustment of the pH
The pH's of the sample solutions were adjusted in the range of 2 -12 using a mixture of 0.1 mol dm -3 HCl and 0.5 mol dm -3 NaOH. A Taćussel Electronic Digital pH meter (France), with a glass-saturated calomel electrode calibrated on the operational state was used with standard buffer solutions.
Batch procedure experiments
Five cubic centimeters of a mixture containing five or four heavy metal ions (10 µg cm -3 each) were transferred to a 100 cm 3 -capacity beaker. The pH was adjusted in the range of (2 -12) using 0.5 mol dm -3 NaOH and or 0.1 mol dm -3 HCl. The contents were transferred to a 100 cm 3 conical flask and 20 mg ionexchanger, CMPS-PAN, was added to each solution. These solutions were then stirred for 20 min with a mechanical shaker. The formed loaded resin was filtered through sintered glass (0.45 µm membrane), washed with doubly distilled water. The loaded resin was eluted in 5 cm 3 of hot 0.5 mol dm -3 nitric or hydrochloric acid of the same concentration and the resulting solution was adjusted to 10 cm 3 volume and directly aspirated into AA measurement. After these procedures, the effects of mass of ion-exchanger (0.2 -2 g cm -3 ) and pH (2 -12) were also studied.
Determination of trace metal ions in environmental samples
One cubic decimeter of water sample was filtered off through sintered glass (0.45 µm membrane); then 1 cm 3 of concentrated HCl or HNO3 acid and 100 mg of modified resin were added. The pH was adjusted at 8 -9. The reaction mixture was shaken for 20 min, the solid material was filtered off and the resin was washed several times with doubly distilled water, then eluted by 5 cm 3 of 1 mol dm -3 hot nitric or HCl acid; finally the whole volume was completed to 10 cm 3 . The concentration of each element was measured. The calibration curves used for the determination of the studied heavy metal ions by AAS were created using standard solutions for the investigated metal ions under the instrumental conditions previously described. 28 
Potentiometric measurements
Potentiometric measurements were performed using a Metrohm E536 potentiograph equipped with a 665 DOSIMAT (Metrohm, Herisau, Switzerland). All titrations were carried out at 30˚C. This was adjusted to ±0.05˚C by circulating water from an ultrathermostate (Kottermann 4130, Germany) through the annular space of a double-walled Pyrex titration cell of 100 cm 3 capacity. Alkali was added from the Dosimat and the content of the titration vessel was stirred magnetically. All the above solutions mixtures were made up to 25 cm 3 with doubly distilled water.
Analysis of urine
The sample of 250 cm 3 was taken from 25 years old, healthy and non-smoker males. It was digested at ~90˚C for 1 h to destroy any organometallic compounds and analysis then proceeded by the suggested method.
Analysis of milk
Five grams of iron-rich baby-milk powder were digested in a Kjeldahl flask with concentrated HNO3 till a colorless solution was obtained. In the case of natural milk, a sample of 15 g of fresh buffalo milk was heated in a Kjeldahl flask for 2 h, nearly till dryness, then digested with concentrated HNO3 for 1/2 h. After complete digestion the digested milk was subjected to analysis. 
Results and Discussion
The selected wavelengths of the resonance lines and other standard conditions for AAS determination of the investigated metal ions were given elsewhere. 28 The tested concentration in this investigation follows exactly a linear relationship between absorbance and the range of concentration in µg cm -3 . The range of concentration for each investigated metal ion extends from 0.1 up to at least 10 µg cm -3 in the presence of Na + + Mg 2+ + Ca 2+ (i.e. in the concentration level of seawater). The instrumental detection limit (DL)i of the studied metal ions was calculated using equation. 28 The detection limits are very impressive for most studied metal ions. The analytical detection limits (DL)a were calculated by dividing the instrumental detection limit by each preconcentration factor. The instrumental detection limits (ppb) for the investigated metal ions are: 10(Au 
Distribution coefficient, Kd for the studied heavy metal ions
The distribution coefficients are calculated by the following equation: 9, 10, 16, 17 where, Ci,ex is the concentration of the metal ions in the ionexchanger and Csol that in solution. The range of the calculated distribution coefficients, Kd for the studied metal ions on the ion-exchanger as a function of pH are given in Table 1 . In the concentration range 0.1 -10 µg cm -3 , the Kd values are
practically independent of the trace element concentration. Figure 1 summarizes the relation between log Kd and pH values for the eleven heavy metal ions studied. It is obvious that the pH has a great effect on the metal ion distribution between the ion-exchanger and solution. Also, from Fig. 1 , it is clear that, for all the investigated metal ions, the general trend of pH is the increase in the log Kd values by increasing the pH, with the exception of gold. In case of gold, in the pH range of 2 -4 high log Kd values are obtained. This can be ascribed to the fact that this low pH gold is present as AuCl4 -anion form, which exchanges with the anionic chloride form of the ion-exchanger. In the pH range 4 -7 and higher gold is converted into AuCl3 (Au 3+ cation) which coordinates with CMPS-PAN ion-exchanger through the active nitrogen and oxygen sites of PAN, forming five-membered chelate. The increase in pH (7 -11) has a bad effect on the stability of the formed chelate where a hydroxocomplex with lower log Kd value is formed. Better values of Kd for the investigated metal ions were obtained between 2.5×10 -7.9 × 10 5 depending on the pH values, as shown in Table 1 . The high distribution coefficients for the studied metal ions on the investigated ion-exchanger facilitate the separation of these metals from a sample solution by shaking with a small amount of the ion-exchanger. The percentage concentration of metal ion on ion-exchanger at equilibrium, CM,eqm, % using one stage separation is given by the following equation: 9, 10 where, mi,ex is the mass of ion-exchanger, g and Vml is the volume of solution, cm 3 In all cases the high values of CM,eqm, % are due to the strong chelation of metal ions with the active nitrogen and oxygen sites of the investigated resin or the exchanging property with the anionic form of the resin. These also are in agreement with the highly charged densities of the studied metal ions. Thus, these elements can be separated quantitatively according to a single step batch procedure.
Effect of mass of CMPS-PAN ion-exchanger, stirring time and both type and concentration of acid eluent
The effect of change of mass of CMPS-PAN ion-exchanger from 0.2 -2 g cm -3 was studied at pH 8 with 20 min of stirring at 25˚C. It was found that the most suitable mass of ion-exchanger was between 200 -400 mg dm -3 (i.e. 10 -20 mg per 50 cm 3 ) (Fig. 2) . The effect of stirring time on the separation of the eleven heavy metal ions at a constant mass of ion-exchanger of 20 mg per 50 cm 3 and at pH 8 was studied in the range 10 to 120 min (Fig. 3) . From Fig. 3 , it is clear that all the investigated metal ions are quantitatively recovered after 10 min. In the case of Co 2+ the equilibrium time was increased up to 80 min (slow separation). In the case of Mn 2+ a stirring time up to 40 min was suitable. For gold the percentage recovery was low (~30%), because a pH of 8 is not good for the separation of gold using the investigated ion-exchanger (cf. Fig. 1) .
The best concentration of gold on the ion-exchanger at equilibrium was anionic form at low pH (2 -4).
The percentage concentration at equilibrium of the studied heavy metal ions was found to be dependent on both the type and concentration of the eluent acid (cf. Fig. 4) , the CM,eqm, % was found to be appreciably decreased by using HNO3 instead of HCl. This may be explained as due to the formation of stable metal oxides of these four metals instead of neutral atoms in the flame during AAS measurements. From Fig. 4 , it is clear that the elution of the studied metal ions from the ion-exchanger was carried out using a concentration of 1 mol cm -3 for both types of hot acids.
Characterization of the solid CMPS-PAN ion-exchanger and its complexes with eleven heavy metal ions Infrared spectrometry.
The formed solid CMPS-PAN ionexchanger and its complexes with the investigated eleven heavy metal ions were characterized by i.r. studies. The modified CMPS-PAN samples subjected to i.r. spectroscopic analysis showed absorption peaks characteristic for the polymersupported PAN units. The absorption peak at 1640 cm -1 and the accompanying shoulder at 1575 cm -1 , in addition to the absorption peak at 385 cm -1 are related to 2-substituted pyridine ring. 29, 30 The absorptions at 1539 cm -1 and 375 cm -1 are related to the azo group of PAN (-N=N-). 29, 30 Also, the absorption at 3600 -3700 cm -1 corresponds to the phenolic -OH groups. 29 In addition, the absorption at the range from 2350 cm -1 to 2380 cm -1 and from 1420 to 1425 cm -1 indicates the presence of C=  formed during the reaction of PAN with chloromethylated polystyrene through the formation of N-pyridinium quaternary salt. 29, 30 Also, the addition of silver nitrate to the polymersupported PAN led to the precipitation of silver chloride. This indicates also the N-alkylation of PAN with the chloromethylated polystyrene polymer. On the other hand, the absorption at 1240 cm -1 corresponding to the aryl O-bond and at 1050 cm -1 corresponding to CH2-O-bond are concluding the Oalkylation of PAN with the polymer. This means that it can be concluded that pyridylazo-β-naphthol reacted with the chloromethylated polystyrene polymer through N-alkylation as well as O-alkylation reaction, as is represented schematically in (I).
The i.r. spectrum of CMPS-PAN polymer was compared with those of its investigated metal ion complexes after complete drying in a vacuum desiccator during 24 h. The spectrum of Also, the resin shows a broad band at ~3600 cm -1 , which may be attributed to the different vibration modes of the -OH gorup. 30, 31 This breadth may be attributed to the presence of intramolecular hydrogen bonds. The shift (20 -30 cm -1 ) of this band in the spectrum of the complexes is clearly due to the bonding between this group and metal ions. Also, in the complex the band becomes sharp and narrower due to the breaking of the intramolecular hydrogen bonds upon complexation. From i.r. studies, it was concluded that the coordination takes place through N=N and OH groups of PAN terminals.
Potentiometric measurements.
Some representative titration curves are shown in Fig. 5 . CMPS-PAN ion-exchanger shows one inflection point. The values of pK 1 H = 1.89 and pK 2 H = 12.2 refer to the stepwise dissociation of two protons. 32 When the same titration was done in the presence of the studied metal ions, the inflections on the titration curves were shifted to the right, showing complexes between the investigated ionexchanger and the studied metal ions with the liberation of protons. The capacity of the present CMPS ion-exchanger was found to be 0.2 meq g -1 which is comparable to capacities of other ion-exchangers. 9, 18, 19, 34 
TG and DTG analysis of solid loaded and unloaded CMPS-PAN ion-exchanger
The TG and DTG thermal decompositions of CMPS-PAN resin, in the absence and the presence of the studied metal ions, showed catalytic degradation effect of the resin in the following . In cases of Cr 3+ and Pb 2+ , slow catalytic effects were observed. These catalytic effects gave an indication that all the investigated metal ions formed strong or moderate chelates with the resin.
Analytical applications
Analytical separation procedures for trace heavy metal ions can be strongly interfered with by matrix constituents, e.g. alkali and alkaline earth elements. For this reason, the reliability of the tested preconcentration procedure was examined in the 497 ANALYTICAL SCIENCES MAY 2000, VOL. 16 ) were studied in Table 2 . The results indicate that the matrix ions have some decreasing effects on the recovery percentage of the studied metal ions. Also some interfering anions e.g. acetate, oxalate, citrate, SO4 2-, NO3 -, PO4 3-and H2Y 2-of 100 µg cm -3 concentration level were studied ( Table 2) . Most of these anions have appreciable lowering interfering effect on the studied heavy metal ions. The present method is applicable by 498 ANALYTICAL SCIENCES MAY 2000, VOL. 16 -5% -5% -5% Cd(II) ND 0.7 ± 0.01 1.9 ± 0.01 20.4 ± 0.01
0.05 ± 0.01 1.5 ± 0.01 31 ± 1.0 36 ± 0.5 25 ± 0.5 35 ± 1.0 3.2 ± 0.5 9.5 ± 0.5
(1 -900)2% -2% (10 -100)2% (10 -100)2% (10 -120)2% (10 -120)2% (10 -100)3% (6 -28)3% Mn(II) 3.2 ± 0.1 22 ± 0.1 8 ± 0. 
)
Values between brackets are the convenient international values or values from our previous work on the investigated elements. ND: not detected. pH using relatively large volume of different water samples (1 dm 3 ) followed by elution for the extracted metal ions on CMPS-PAN resin by smaller volume (10 cm 3 ) of HNO3 or HCl acid (1 mol dm -3 ), thus a concentration factor of 100 is used. The analytical results of different water samples, e.g. tap (El-Mansoura City), Nile (Damietta City), waste (Damietta and Talkha Cities), lake water (Manzalla Lake) and water of the Mediterranean Sea (Ras El-Bar, Suez Canal, in front of Port-Said) are shown in Table 3 . From Table 3 , one can observe that the experimental data for the investigated metal ions are in reasonable agreement with the comparable reference values within the limit of the experimental error (RSD 1 -5%). 14, [33] [34] [35] [36] However, a slight increase in the concentration of Zn 2+ , Fe 3+ , Cr 3+ and Cu 2+ in all investigated tap water samples compared with the maximum values of unpolluted drinking water was observed even when the concentrations of these metal ions were still within the permissible level. 35 Cadmium(II), Au 3+ and Pd 2+ ions were not detected in tap drinking water of Mansoura City. Lead was found (0.6 µg dm -3 ) in tap water of Mansoura City. Lead was found (10.4 -85 µg dm -3 ) in Nile water in front of Mansoura City, Ras El-Bar, lake water of Manzala, seawater in front of Port-Said and Suez Canal, indicating that these areas are not seriously polluted with lead or the pollution was in the permissible range (20 -100 µg dm -3 ). 36 It was found that the pH of Nile water samples (Talkha, Fertilizer Plant, Gerbi area Damietta City) and waste water (Damietta City) was in the range of 7.1 -7.8 depending upon the amount of total hardness (mg dm -3 ) of the investigated water samples. These areas were generally chosen, because it was observed previously that many water creatures were sometimes killed.
Analysis of urine and milk samples
When the present preconcentration method was applied to urine and milk samples, it was found that the concentration of the determined metal ions were in the permissible levels compared with other references 37, 38 as indicated in Table 4 .
Analysis of some different granite ores
The suggested preconcentration method was successfully applied to granite-samples as an example of some natural ores. The granite samples were weighed (0.1 -0.5 g), pretreated and dissolved in boiling concentrated HF and HNO3 acids till near dryness, diluted, filtered and completed to a definite volume by doubly distilled water as previously described. 39 From Table 5 it is obvious that granite samples (1) and (2) Table 4 Analysis of urine and milk samples using AAS for determining trace elements after preconcentration with 100 mg of ion-exchanger, pH 8 at 25˚C and shaking time 20 min (n = 5), relative standard deviation (RSD,%) and ±ts/ n, concentration in µg dm -3 (ppb)
Statistical parameters; n = 5, ±ts/ n, s = standard deviation, t = student factor, P = 0.05. ND: not detected. Conditions: 20 mg ion-exchanger, pH 8, stirring time 20 min at 25˚C. Trace element concentration in µg dm -3 (ppb). 
